



Abstract—One of the biggest concerns in the field of agriculture 
is around the energy efficiency of robots that will perform 
agriculture’s activity and their charging methods. In this paper, two 
different charging methods for agricultural standalone docking 
stations are shown that will take into account various variants as field 
size and its irregularities, work’s nature to which the robot will 
perform, deadlines that have to be respected, among others. Its 
features also are dependent on the orchard, season, battery type and 
its technical specifications and cost. First charging base method 
focuses on wireless charging, presenting more benefits for small 
field. The second charging base method relies on battery replacement 
being more suitable for large fields, thus avoiding the robot stop for 
recharge. Existing many methods to charge a battery, the CC CV was 
considered the most appropriate for either simplicity or effectiveness. 
The choice of the battery for agricultural purposes is if most 
importance. While the most common battery used is Li-ion battery, 
this study also discusses the use of graphene-based new type of 
batteries with 45% over capacity to the Li-ion one. A Battery 
Management Systems (BMS) is applied for battery balancing. All 
these approaches combined showed to be a promising method to 
improve a lot of technical agricultural work, not just in terms of 
plantation and harvesting but also about every technique to prevent 
harmful events like plagues and weeds or even to reduce crop time 
and cost. 
 
Keywords—Agricultural mobile robot, charging base methods, 
battery replacement method, wireless charging method. 
I. INTRODUCTION 
NE of the biggest concerns in the field of agriculture is 
around robots that will perform agriculture’s activity not 
just about their work itself but also about the energy efficiency 
and their charging methods. 
There exists in literature many ways to charge a robot, since 
the conventional way to the wireless new one [1]. 
Conventional way does not have problems such as big time 
to charge the all battery. However, it will consist in a problem 
as it has, first, cables and consequently it does not enable our 
robot to continue the job until the process of charging is 
complete. 
With time, there have been numerous variations of this 
subject which does ameliorate these problems being here were 
the wireless charging mode comes in. On the other hand, 
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although this technique may diminish these obstacles, it entails 
others. Within this subject we have a lot of techniques to 
charge our battery. The most known approach is CC-CV but 
there are a lot of variants to overcome the limitations that this 
method imposes. Two mentioned examples throughout the 
paper are Multistage charging and Pulse Current charging. 
And of course, it is also very important the battery’s type. The 
one mostly used nowadays is the Li-ion (lithium ions) battery 
yet we are going to approach a very recent new type. 
This subject is a very concern issue nowadays since we 
have been having increasingly problems with plagues, weeds 
and other harmful natural consequences, so it is of great 
concern to be aware of this and of the possibilities to surpass 
these problems, not just for farmers but for everyone because 
each one of us influence the evolution of agriculture.  
II. WIRELESS CHARGING: PRINCIPALS, ADVANTAGES AND 
DISADVANTAGES 
A. Working Principal 
The most common operating principal of this type of 
charger is based on magnetic coupling. We will have in our 
charger coils that, due to the passage of electric current in the 
coil wires, creates a magnetic field that in turn will induce a 
current in the coils of the battery, charging it [1], [2]. A 
loading based on inductive resonant coupling which allows to 
carry out the process of charging with a fix centimeters 
distance between the charger and the device is being 
developed. This would be a benefit since it would enable to 
have a protective structure over the charging base. This 
structure would be important to avoid short-circuit to happen 




Fig. 1 Wireless charging kit 
 
Fig. 1 shows a wireless charging kit consisting of a 
transmitter module and a receiver module. Each of them is, in 
turn, composed of a coil of copper and a dedicated integrated 
circuit. The transmitter module must be connected to the 
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mains via an AC/DC converter [1]. 
Our robot has the battery attached, not needing to be 
removed for charging, and it must remain in the base during 
the process. 
B. Advantages 
Wireless charging has the advantage of not using cables, 
which makes charging not only more accessible but also 
eliminates one of the most common flaws in this field, 
damaging connectors [1]. 
C. Disadvantages 
A disadvantage could be the increase in the charging time 
[1] and consequently of energy consumption due to the losses 
associated with the wireless transmission [2] as well as we can 
no longer use the device while it charges. 
III. BATTERY REPLACEMENT CHARGING 
A. Working Principal 
The most common operating principal of this type of 
charger is based on battery replacement. The robot will reach 
the charging base and its low battery will be exchanged by a 
new one fully charged, as shown in Fig. 2 [3]. Fig. 3 shows a 




(a) Rear view (b) Frontal view 
Fig. 2 Representation of the charging base 
B. Advantages 
Battery replacement charging has the advantage of not 
being need to our robot to stop working while is being charged 
enabling faster results.  
C. Disadvantages 
A disadvantage will be the need for cables and a larger 
battery to feed the charging base. 
 
 
Fig. 3 Representation of the rotation mechanism 
IV. BATTERY CELL TYPE 
Normally the most reliable cell to use, and the most used 
one, is Lithium (Li-Ion) battery. Among all the metals used in 
batteries, lithium is the lightest, which has the highest 
electrochemical potential and which provides the highest 
energy density. They also store twice as much energy 
compared to NiMH batteries and three times as much as NiCd 
batteries [4]. Initially, an anode (negative electrode) of lithium 
metal was used, but it was quickly realized that the charge and 
discharge cycle caused transformations in this electrode that 
reduced thermal stability and caused potential thermal leakage 
conditions. This led to the cell temperature increasing until 
near the melting point of the lithium. Therefore, lithium-ion 
batteries have recently been used [4]. The advantages and 
disadvantages of this battery cell type are described below as 
stated by [4]: 
A. Advantages 
1) High energy density; 
2) Low maintenance; 
3) No memory effect; 
4) Relatively low self-discharge, approximately half that of 
NiCd and NiMH batteries; 
5) High voltage, above 3 V, allows the manufacture of 
batteries consisting of only one cell. This is the case with 
many mobile phones nowadays; 
6) They cause less damage to the environment when 
discarded, compared for example with lead-acid or 
cadmium batteries. 
B. Disadvantages 
1) It requires larger currents to maintain the same energy as 
lithium metal batteries, hence usually have a lower 
resistance to allow more current flow; 
2) Requires a protection circuit that limits voltage and 
current. Embedded within each set, the protection circuit 
limits the peak voltage of each cell during charging and 
prevents the cell voltage from dropping too much during 
discharge. In addition, the maximum charge and discharge 
current is limited and the cell temperature is monitored to 
prevent extreme temperatures; 
3) Subject to aging even when not in use; 
4) The electrolyte is highly flammable; 
5) Expensive manufacturing. 
V. NEW GRAPHENE BATTERY  
Recently a team of SAIT researchers developed a “ball of 
graphene” this being a unique material for allowing the 
increase of the capacity of the battery in 45% in addition to 
still increase in 5 times the speed of loading when compared 
with the batteries of lithium-ion. Compared with li-ion 
batteries, graphene was used for both the anode protective 
layer and the cathode materials being this what allowed an 
increase in the loading capacity and decrease of its time as 
well as stable temperatures [5]. 
Graphene was initially chosen because of its high strength 
and conductivity features. A mechanism has been developed 
to synthesize graphene in 3D, like a popcorn, through silica 
[5]. 
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VI. BATTERIES: COMMON PROBLEM AND SOLUTION 
Firstly, to develop this topic, it was necessary to define a 
base voltage value, for each battery, of approximately 20 V. 
Throughout this point, two main problems have arisen. The 
first is related to the batteries ’voltage. As it was approached 
previously our batteries are constituted by cells which one 
having approximately 4.2 V meaning that the battery must 
present several cells working simultaneously to make the 
necessary 20 V, i.e. we must connect several batteries in series 
[6].  
The first problem gets solved, but, nevertheless, it entails a 
second problem which is the difference between the voltage of 
each cell during and after charging (see Fig. 4). This is due to 
both intrinsic and extrinsic changes to these cells being the 
intrinsic differences small variations in the process of building 
the cell that lead to different capacities, volume, internal 
impedance and discharge rates, which with increasing charge 
and discharge cycles worsen. This happens because when 
having batteries with different charge levels/characteristics, 
when charging simultaneously, batteries will charge faster 
than others. Some of these batteries may already be close to 
their charge value, but as this is not happening with all cells 
charging continues to be done blasting the batteries that 
exceed the maximum value and spoiling the battery in general 
[6]. To solve this problem, a batteries balance must be 
performed. This concept, as the name implies, is intended to 
distribute the current between the cells so that they are all 
loaded at the same level [6]. There is active and passive 
balancing. To achieve passive balancing, we monitor our 
batteries through a Battery Management Systems (BMS), 
whose main function is to monitor and control parameters 
such as voltage, current and temperature. The applied BMS 
has a balancing methodology called the switched shunt 
resistor, as it is based on a bypass cell methodology where 
each cell that is in the constitution of the battery is associated 
with a balancing resistor and a switch. This balancing then 
consists of discharging the battery when it is not being used 
(Fig. 5 (a)) or providing an alternative path for the current 
while the battery is being charged until all the batteries have 
reached the same level of charging, i.e. until all have the same 
voltage (Fig. 5 (b)) [6]. 
 
 
Fig. 4 Representation of cells’ state of charge 
 
 
(a) BMS – open circuit.   (b) BMS – closed circuit 
Fig. 5 Representation of the main and alternative current paths [6] 
 
As for active balancing, it can have several topologies that 
are classified into two groups, one based on the use of 
capacitors and the other on the use of converters, and this 
second group can be further divided into isolated or non-
isolated [6]. 
The main drawbacks are the dissipation of energy over the 
form of heat and the fact that the balancing influences the 
voltage readings, so it is necessary to add a certain delay time 
[6]. 
VII. BATTERY ENERGY MANAGEMENT 
A. CC-CV Charging Method 
This method of loading, constant current/constant voltage 
(CC/CV), is very referenced in the literature due to its 
simplicity and ease of implementation [7]. 
It has two operating phases, as shown in Fig. 6 [7]. 
In the first stage the cell is subjected to a constant current 
stage, with a fixed and predetermined value, depending on the 
specifications of the cell [8]. Once the cell voltage reaches the 
charge value (typically 4.2 V for the Li-ion cell) the algorithm 
switches to the second phase of the charge. At this stage, the 
cell is subjected to a constant voltage. When the current 
reaches a preset value or the maximum charging time is 




Fig. 6 CC-CV charging algorithm [7] 
 
The disadvantages of this method are the charging time. Variants of this method that overcome these disadvantages can 
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be found in the literature. 
B. Multistage Charging Method 
This multi-stage charging method is characterized using n 
current stages as shown in Fig. 7 with five stages [7]. The use 
of this charging method raises two questions, the first one is 
the criterion used to exchange current stages, the second is the 
determination of the appropriate current stage that must be 
applied at each instant of time [8]. 
One of the solutions used in the literature, consists of the 
criterion used in Fig. 7, where change of stages occurs as soon 
as the voltage of the cell reaches Vload [7]. 
 
 
Fig. 7 Multistage charging algorithm [7] 
 
As for the determination of the appropriate current stages, 
the solution passes through the application of optimization 
algorithms. For example, the PSO algorithm and fuzzy 
controllers must be applied at each instant of time, depending 
on the "choice" of charging time and cell capacity [7]. 
In this multistage method, the last stage is carried out with 
constant voltage (CV) to determine the optimum load profile. 
This method achieves a reduction in the charging time that 
varies between 11.5% (with four stages) and 18.27% (with 20 
stages) when compared to the CC/CV algorithm [7]. 
C. Pulse Current Charging Method 
This method of charging is characterized using a pulsed 
current and can be subdivided into two Variable Frequency 
Pulse Charge (VFPC) and Variable Duty Pulse Current 
(VDPC) [8], [10]. 
In VFPC the objective is to optimize the frequency of the 
current pulse, minimizing the impedance of the cell and 
consequently maximizing the transfer of energy. As for VDPC 
this consists of maximizing the energy transfer through two 
approaches, either by varying the pulse width by fixing the 
pulse width or by varying the pulse width by setting the 
amplitude [7]. 
Usually both will be composed of three modes of operation, 
full charge detection mode (FCDM), search mode (SM), and 
charge mode (CM) [11]. Initially, it begins with the MGDF, 
detecting the state of the cell, for that a constant voltage is 
applied to the cell to monitor the charging current. After 
completing this step, we switch to the SM mode of operation 
by discovering the optimal frequency and PWM. As soon as 
the frequency is "optimized" the algorithm enters CM mode of 
operation, repeating this process until the cell is charged. Per 
the experimental results, the proposed algorithm, when 
compared to the CC/CV algorithm achieves a reduction in the 
loading time in the order of 24% [7]. 
VIII. BATTERY LIFE AND CHARGING TIME 
Focusing on the Li-ion batteries for these calculations, as 
they are more studied than the new batteries of Samsung, 
knowing that each cell usually has 4.2 V and wanting a battery 
for our robot of approximately 20 V, 5 A and 100 W we need 
of five cells in series to form this battery each traversed by 5 
A. Knowing also that each battery has in standard 3000 mAh 
our battery would last only: (3/5)×60 = 36 minutes. 
Subsequently should be made the appropriate conversions 
for the battery that we will use given its size and consequently 
the number of cells that it will have, 40 cm × 20 cm × 15 cm, 
because the more cells the greater the capacity of the battery. 
The charging time of all Li-Ion batteries, when charged to 
an initial current of 1 C, is approximately 3 hours. 
Considering that the new batteries of Samsung have a 
capacity 45% higher than those of Li-ion we can say that they 
will last longer and considering that they charge 5 times faster, 
in this example given above we can assume that they will last 
about 36 minutes charging. 
IX. ATTACHMENT DEVICE 
There are several approaches to this issue, with only two in 
this project. 
It should always be possible to connect the battery to the 
base regardless of whether the robot is well positioned, since 
we are going to work with unstable ground and there is always 
this possibility. For this to be achieved, the robot must have a 
system that allows it to detect connection failures so that it 
makes several attempts until the connection can be made. 
A. First Method 
In this method, the connection is made from parts that are 
tightened inside a circular port. Then the battery is pulled in 
and the parts expand to release [3]. The same thing happens in 
the next process of placing the battery in the robot. 
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B. Second Method 
This method consists of an electromagnetic connection 
system, having electromagnets with different polarity from the 
connection system for the batteries, and functions like a 
magnet. 
The pulling piece is disconnected from the battery by 
turning off the system that induces magnetization. 
X. CONCLUSION 
Although the limitations, the use of graphene battery 
charged with CC-CV method seemed to be one of the best 
approaches regarding the profitability, effectiveness and lower 
costs that this is going to bring on to the agricultural field. 
All studies were focused mostly on the Li-ion battery 
concepts [4], [8]-[10]. Since we have more information about 
this type of battery, the concepts were developed to a graphene 
battery type. 
Knowing that Li-ion batteries require at least 1h to fully 
charge even with fastest charging technology implemented 
and that for the same conditions a graphene battery only 
requires 12 minutes and even maintains a stable temperature, 
we can conclude that it is more effective to use these new 
batteries rather than using a more evolved but more 
problematic and expensive charging method.  
A future study could be in terms of preventing the losses in 
wireless charging method thus preventing large energy 
consumption. Other study could be in terms of combining the 
new graphene battery with a more efficient charging method, 
even though it could still have limitations of other nature. 
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